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Introduction 
This publication provides a resource for teachers of students in years seven to ten. Teachers are 
able to address a range of outcomes pertinent to the Western Australian curriculum within the 
context of the Pemberton Hydroelectric Power Station. The resource contains plans for four units 
of work, one in each of the following Learning Areas: Science, Mathematics, English, and Society 
and Environment. 
The units of work were collaboratively developed following an 'outside-in' approach. This 
begins with a mindmap of the concepts that a teacher might consider important for students to learn 
about, or through the opportunities offered by, a particular theme - in this case, the Pemberton 
Hydroelectric Power Station. (This resource contains examples of two mindmaps: one on electrical 
power, and the other on the Greenhouse effect.) From this frame, key ideas are selected in order to 
achieve desired outcomes for a particular class and in accordance with the level of development of 
the students. A pathway of learning experiences which would provide students with appropriate 
opportunities to develop the knowledge, skills and understandings is then developed. The two 
learning pathways offer a large range of ideas through which to achieve particular outcomes. 
The unit plans provided convert the ideas in the learning pathways into a coherent unit of 
work. The plans are based on the 5Es framework of Engage, Explore, Explain, Elaborate, and 
Evaluate, and contain ideas for lessons at each phase. The first lesson for each unit is provided in 
full . 
Further information and teacher support resources can be accessed from the websites 
provided at the back of the resource. 
11 
Contents 
Acknowledgements 
Background Information 
Map of Location 
Outline of Curriculum Materials 
Mindmaps 
Learning Pathways 
Overview of Learning Area Unit Plan 
Science Curriculum Materials 
Unit Plan 
Lesson 1 Plan 
Lessons 2 - 8 at a glance 
Mathematics Curriculum Materials 
Unit Plan 
Lesson 1 Plan 
Lessons 2 - 8 at a glance 
English Curriculum Materials 
Unit Plan 
Lesson 1 Plan 
Lessons 2 - 8 at a glance 
Society and Environment Curriculum Materials 
Unit Plan 
Lesson 1 Plan 
Lessons 2 - 8 at a glance 
Appendices 
Appendix 1: 5Es Model of Teaching and 
Learning 
Appendix 2: Glossary 
Appendix 3: Website references 
lll 
1 
3 
4 
5 
7 
9 
10 
19 
22 
29 
36 
40 
43 
50 
52 
87 
94 
97 
110 
112 
114 
Pemberton hydroelectric power station - Background 
Information 
Today, Western Power provides electricity to the South West region of Western Australia. 
However, in the first half of the 20th century Pemberton relied on local resources to generate 
electricity. During winter, Pemberton Power Supply, a privately owned company, provided 
electricity through a hydroelectric power station and, in summer, the local timber mill generated 
power via boilers and diesel engines. Combined, the hydroelectric station and the timber mill 
ensured that Pemberton was self-sufficient in terms of energy supply. 
The hydroelectric power station, built in 1935, was run by Pemberton Power Supply until it 
was purchased by the State Energy Commission (SEC) 
in 1950. During this time the South West Integrated 
Supply broadened their service throughout the South 
West region. They offered to integrate Pemberton into 
the South West Power Scheme, rendering the 
hydroelectric station only necessary as a supplement to 
the energy provided by the state. 
In the early 1950s, a severe storm swept through 
Pemberton, causing several large karri trees to smash 
through the pipeline. As a result, the station was 
decommissioned in 1953 and Pemberton was forced to 
rely completely on the state power grid for its 
electricity. Over half a century later, Pemberton still 
relies on the state and there has been no need for a subsequent power source. As such, it wasn't 
until the late 1990s, and for completely different reasons, that a proposal to reconstruct the 
hydroelectric station was put forward. 
The South West Development Commission oversaw the construction of the new hydroelectric 
station which began operating in August 2006. Located two and a half kilometres north of 
Pemberton, at the original site of Lefroy Brook, the new hydroelectric station generates enough 
energy to supply power to up to 80 houses daily. The station's day-to-day operations are monitored 
by a contractor and power generation is pre-programmed to commence once the water in the dam 
reaches a set level. As such, although energy output is determined by the changing stream flow 
during winter, it is expected that the station will be capable of producing between 200-350,000 
kWh each year. 
Construction 
In Western Australia, there have only been three publicly owned hydroelectric plants- Pemberton, 
Ord River, and Wellington Dam- and of these, the Pemberton hydroelectric power station is the 
only one to have had a timber pipeline. Widely recognised as the home of the karri tree, Pemberton 
utilised this renewable resource, constructing 1ft by 6ft karri boards to be held in place with steel 
strapping. Resembling an oak wine barrel, the timber pipeline carried water a total of 450 metres 
between the Pemberton Weir and a turbine station. 
In contrast, construction of the current hydroelectric station required installation of a lobster 
tail intake, a 103kWh Kaplan turbine, concrete housing station, power mains connection to the 
South West Integrate Supply, and reinstatement of alignment. The pipeline is constructed with 450 
metres of 800mm diameter high density poly ethylene (HDPE) pipe which diverts the water from 
Lefroy Brook, through the turbine, and then back through the pipeline. Water is only extracted 
from the brook between May and October, providing the water reaches a predetermined trigger 
point, which is governed by the amount of overflow over the Pemberton Weir wall. Operations of 
the hydroelectric station are run by remote telemetry systems with a trigger mechanism that 
initiates the station to commence producing power once sufficient water is available. 
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Current Management 
The Pemberton Hydro Energy Association (PHEA), a local committee associated with theW A 
Community Foundation, manages the station' s operations and its contribution to the local 
community in collaboration with the South West Development Commission. Contractually, the 
PHEA has the right to sell all energy output as well as any Renewable Energy Certificates (RECs) 
earned because of its production of 'Green energy'. The Pemberton hydroelectric power station is 
registered with the federal government's Office of Renewable Energy Regulator (ORER), who is 
responsible for monitoring claims of green energy production. Producing carbon dioxide (C02) 
free power allows the hydroelectric station to claim 'green credits', Renewable Energy Certificates, 
which are a form of electronic currency. The price ofRECs varies because sellers and purchasers 
directly negotiate price and payment methods. The Pemberton Hydro Energy Association trades 
RECs with Synergy to recover costs incurred in operating the hydroelectric plant and directs 
surplus profits to the Future of Pemberton Trust Account. This trust fund is used to support non-
profit community projects such as aged care, public amenities, and youth services. 
In addition to its contributions towards the local community and the supply of power to the 
state electricity grid, the hydroelectric station is included as one of the town's tourist attractions. 
On one level, it is symbolic of the region's industrial heritage providing an important insight into 
the history of the town. On another level, the new power station serves to raise awareness of 
environmentally safe procedures: i.e. the generation of power without carbon emissions through the 
natural movements of water in river systems. Thus, Pemberton hydroelectric power station stands 
as a testament to both the past and the future. 
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Outline of Curriculum Materials 
This curriculum document has been constructed using a theme based 'outside-in' approach. It can 
be approached from several points of entry depending upon your needs. Below is an overview of 
each of the main sections of the teaching materials. 
Teaching and Learning Materials 
MIND MAP 
. 
v~ 
J 
LEARNING PATHWAY 
UNIT PLANS OVERVIEW 
UNIT PLANS 
LESSON PLAN 
-.-:::...:: .::.~-........ ... _ ... 
. _ ., ___  ,,.., ___ ... 
. if:""~:-::r.:...:.-- r. :.·:· 
~-.:~.":...::.--::-"'-
~ria~;;.~:= -·--
... ':.~--=-.:-..:=-. .. ......... 
_,_ ... -· 
A map of key ideas that could be addressed using the central 
theme. The mapping is not concerned with particular 
Learning Areas; rather, it provides a mapping of non-
disciplinary ideas that might be considered for people to 
understand. (Two maps are provided) 
A pathway of learning experiences constructed using one or 
more of the ideas generated in the Mindmap. The pathway 
represents a selection of topics, ideally, chosen by the teacher 
to reflect the development, needs and interests of the students 
in that particular cohort. (Two pathways are provided) 
An overview of the four units of work produced for this 
curriculum package: English; Mathematics; Science; and 
Society and Environment. (Note: for this project, the units 
presented are drawn from both of the pathways above). 
Plans for units of work based on one of the Learning 
Experiences from the Learning Pathway. This unit is aimed 
at achieving learning outcomes within a particular Learning 
Area. The sequence of lessons follows the 5Es Teaching 
Model and includes several Diagnostic, Formative and 
Summative assessment ideas. 
Detailed lesson plans for the first lesson of each unit. 
Note: See Australian Institute of Energy website for a Fact sheet on Hydroelectric Power. 
(http : '' \\\\ a1e c)rg:au fact~_mde\ htm) 
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Overview of Learning Area Unit Plans 
Society and Environment Science Mathematics English 
Energy Conservation Energy and Change Measurement applied Persuasive Texts 
Power for the people Hydroelectric Power Generation Hydro Power Maths Marketing Renewable Power 
Engage Pemberton power Powerful water. Mcasuremenfc Powerful Words 
• Historical overview of • The water cycle • Volume and Capacity - what we • Making an argument 
i hydroelectric energy in • Hydro Power - what we think we think we know • Emotive text 
Pemberton know • Estimating 
• Volumes of rectangular prisms 
Explore Energy audit Turbines to tum. Inductance. Measurement and Space Opinion and Fact 
• Energy use • Getting a Reaction • How big is a cubic Metre? • Text types (narrative, editorials, 
• Ecological footprint • Acting on Impulse • Estimating and Direct Measure - letters, articles, images and film) 
• Global warming • Far out Faraday! classroom capacity 
i 
• Simulations • Areas of dams 
• Linking cm3, m3, mLs and Litres 
' 
Explain The power grid Turbine and Generator Number and Measurement Persuasion is ... 
A Powerful Pair Comparisons and Calculations 
• Energy sources • Review of Explore activities • Units and prefixes • Language features 
• Distribution of power plants in • Scientific terminology • Capacity calculations • Argumentative texts 
Western Australia • The parts of a commercial • Comparison of classroom capacity 
• Mapping hydroelectric turbine to Pemberton and other dams 
Elaborate Town Planning Go with the flow. Graphing and Interpreting Marketing Renewable Energy 
• Meeting energy needs • Investigation of flow rates of water • Catchment rainfall • Selling the concept 
• Town planning from dams • Stream flow rates 
• Pipe flow rates v diameter 
Evaluate Power Play Falling and Rising. Connecting it all together Convince Me! 
The energy and power of water 
• Energy Conservation • Labelled and annotated conceptual • Applying the mathematics to a • Presenting the marketing plans 
flow diagram of a hydroelectric Hydroelectric scenario • Storyboard 
power station. 
--
Science Curriculum Materials 
Science Unit Plan 
Outcomes: Energy and Change Title: The Power of Water 
Investigating 
Key concepts/conceptual understandings 
Hydroelectric power generation 
Overview of key concepts 
Electrical energy is an integral part of our everyday lives. Energy is drawn from non-
renewable resources such as coal, oil and other fossil fuels as well as from renewable 
resources including solar, wind and water. Depending on the source, there are a variety of 
ways that energy is transferred and transformed which enable us to have ready access to it 
in the form of electricity. 
This series of lessons allows students to develop a deeper understanding of the scientific 
concepts associated with hydroelectric power generation. Through hands-on activities, 
students explore the ways that the potential energy in stored water can be transferred to 
produce rotational kinetic energy and look at the role that magnetism plays in 
transforming rotational kinetic energy into electrical energy. By investigating water flow 
rates, students explain how gravitational potential energy can be utilised effectively. 
They consider factors affecting the efficient transfer of energy and describe the process of 
hydroelectric power generation and the types of energy associated with it. 
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Science Unit Outcomes- Level3,4 and 5 (WA Outcomes and Standards Framework) 
Level3 Level4 LevelS 
Energy and Change Energy and Change Energy and Change 
Students classify Students can explain how Students differentiate between input 
objects as sources or forces can affect and output energies, sources and 
receivers of energy. movement. receivers and can analyse energy 
Students begin to use They understand how converters in these terms. 
terms such as kinetic potential energy can be They understand that energy can be 
energy to identify transformed into kinetic stored in water in a dam. 
energy of movement. energy. Students understand and represent 
Students understand Students relate the the transfer and transformation of 
some types of energy transformation of energy energy using models or conceptual 
transfers and changes to intended uses of the flow diagrams. 
(transformations) and energy. Students explain the conversion of 
can represent them in They begin to describe energy into other forms and the 
flow diagrams. the size of a force using effects of that conversion. 
standard units of Students use the concepts of power 
Investigating measurement and explain and efficiency to explain physical 
The student shows how forces and energy situations of energy transfer and 
some awareness of the transformations are transformation. 
need for fair testing and involved in the operation 
makes simple of a range of machines. Investigating 
predictions; collects and The student interprets a situation to 
organises numerical Investigating formulate a plausible relationship to 
data and descriptive The student plans and investigate using experimental 
information using conducts different types techniques, including the control of 
simple tables, diagrams of investigations, taking several variables and the use of 
and graphs; and account of the main preliminary trials; develops scientific 
identifies main features, variables; collects data explanations that are consistent with 
patterns and difficulties using repeat trials; the data; and makes specific 
in the investigation. explains patterns in data; suggestions for improving the 
and makes general investigation. 
suggestions for improving 
the investigation. 
Note: Although some Earth and Beyond outcomes can also be addressed through these 
lessons, the level 4 and 5 Energy and Change outcomes and the level 4 Investigating 
outcomes are intended to be the main focus . During the Elaborate phase, students expecting 
to demonstrate level 3 Investigating outcomes can be given the question for investigation 
and a structured results table to help them develop level 4 Investigating skills. Depending on 
available equipment and resources, there is also scope for teachers to allow for level 5 
Investig_ating outcomes to be demonstrated. 
II 
• To capture students' interest and 
find out what they think they know 
ENGAGE about hydroelectric power 
(l-21essons) generation. 
. To elicit students' questions about 
how hydroelectric power is 
~enerated. 
Lesson number 1 Lesson title: Powerful water 
AT A GLANCE 
Students will: 
• observe the powerful effects of water on the Earth and reflect on the 
energy it contains; 
• recall instances, with an emphasis on personal experience, where they 
have seen the damaging effects of water or the energy in water being 
harnessed. Through "think, pair, share", they discuss their views; 
• draw a diagram of the water cycle; 
• demonstrate what they think they know about hydroelectric power 
generation by constructing a labelled flow diagram of the elements of a 
hydroelectric power station; 
Assessment - Diagnostic In this lesson you will find out what 
students already know about the water 
cycle and hydroelectric power 
generation. This will allow you to take 
account' of students' existing ideas 
when planning learning experiences. 
Assessment task/s 
Labelled and annotate diagram of the 
water cycle; 
Cut and paste - construct a flow 
diagram of the elements of a 
hydroelectric power station. Label and 
annotate as appropriate. 
Literacy focuses 
Science journal 
Labelled diagrams 
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• To provide hands on, shared experiences of the operation of model 
turbines. 
• To support students to investigate and explore ideas about the size and 
EXPLORE 
direction of forces involving water and the way they affect the motion 
and power of the turbines. 
(2-3 lessons) • To provide hands on, shared experiences of inductance and the 
operation of an electric generator. 
• To support students to investigate and explore ideas about 
electromagnetic inductance and its relationship to the construction 
and operation of an electric generator. 
Lesson number 2, 3 and 4 Lesson titles: 
Turbines to tum - Getting a Reaction 
Turbines to tum - Acting on Impulse 
Far out Faraday! 
ATAGLANCE 
Students will: 
• work in cooperative learning teams to build a simple reaction turbine (Kaplan 
style) and operate it with water; 
• work in cooperative learning teams to construct a simple impulse turbine (Pelton 
style), operate it with water and investigate the effect water flow rate has on the 
rotation of the shaft; 
• draw force arrow diagrams of the model turbines in motion; 
• observe and record information about the working of different toys and tools that 
use motion to generate electrical power; 
• read and discuss a description of the 1831 experiment performed by Michael 
Faraday that led to his discovery of electromagnetic inductance; 
• work in small groups to construct and operate a simple electrical generator or 
observe a demonstration of a generator being operated to produce electrical 
energy. 
Literacy focuses 
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EXPLAIN • To support students to develop explanations for experiences and make 
(I lesson) representations of developing conceptual understanding about hydroelectric power generation. 
Lesson number 5 Lesson title: 
Turbine and Generator - A Powerful Pair 
AT A GLANCE 
Students will: 
• discuss findings of the activities from lessons 2, 3 and 4; 
• will become familiar with relevant scientific terminology - inductance, 
electromagnetism, potential energy, rotational kinetic energy and the components 
of turbines and generators; 
• cut and paste labels for a diagram of a commercial hydroelectric turbine based on 
a description of its operation. 
Assessment - In this lesson you are looking for evidence that students are 
Formative developing an understanding of the way hydropower turbines and 
generators operate and combine to produce electricity. 
You should also look for evidence of students' use of appropriate 
ways to represent what they know and understand about a 
hydroelectric turbine and give them feedback on how they can 
improve their representations. 
Assessment task/s 
Word loop activity 
Labelled diagram of a commercial hydroelectric turbine based on 
a description of its operation. 
Literacy focuses 
Science jo.urnal 
Labelled diagram 
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ELABORATE 
Investigation 
(l-21essons) 
Lesson numbers 6 and 7 
AT A GLANCE 
Students will : 
• To challenge and extend students' understanding in a new context or 
make connections to additional concepts through a student planned 
investigation. 
• To use investigative skills to study flow rates of water. 
Lesson titles : 
Go with the flow - Part 1 
Go with the flow - Part 2 
• work in cooperative learning teams to construct a simple model of a reservoir and 
pipeline; 
• use the model to investigate the factors that could affect the flow rate of water 
from adam. 
In lesson 6 the students plan and conduct the investigation 
In lesson 7 they process their results and evaluate both their findings and the investigation 
itself 
Assessment -
Summative 
Literacy focuses 
In this lesson you are looking for evidence about the extent to 
which students have achieved the Level 4 investigating outcomes. 
Students will be able to: 
- develop their own question and make predictions about 
factors that could affect the flow rate of water from a dam; 
- plan and conduct an investigation taking into account the 
main variables; 
- collect data using repeat trials; 
- calculate averages and plot data as a line graph where 
appropriate; 
- identify and explain patterns in data; 
- identify difficulties experienced during the investigation and 
make general suggestions for improvement. 
Students expecting to demonstrate level 3 investigating outcomes 
can be given the question for investigation and a structured results 
table to help them develop level 4 skills. 
Within the lesson as set out, level 5 processing data and evaluating 
outcomes can be demonstrated. Depending on available 
equipment and resources, there is scope for teachers to assess level 
5 planning and conducting outcomes. 
Assessment taskls 
Students use straws, blutac, 1 and 2 Litre plastic bottles/cartons, a 
stopwatch and water to investigate flow rates . 
I 
I 
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To a ftrst approximation, 
different cross sectional areas 
can be achieved by varying the 
number of straws. 
Students can investigate the 
effect on flow rates of 
• changing angles, 
• number of straws, 
• vertical height above ground 
• etc 
EVALUATE • To provide opportunities for students to review and reflect on their 
(I lesson) learning and to represent what they know about hydroelectric power generation and the associated energy transfers and transformations. 
Lesson number 8 Lesson title: 
Falling and Rising - The energy and 
power of water 
AT A GLANCE 
Students will: 
• create a conceptual flow diagram incorporating the elements of a hydroelectric 
power station; 
• label and annotate the diagram to demonstrate their knowledge and understanding 
of the flow of energy; this will detail the energy types, transfers and 
transformations involved. 
Assessment - In this lesson you will be looking for evidence that students have 
Summative achieved the Level 4 conceptual outcomes. 
Students will be able to: 
- explain how forces can affect movement; 
- Explain how potential energy can be transformed into 
kinetic energy; 
- relate the transformation of energy to intended uses of 
the energy. 
You will also be able to monitor progress towards the Level 5 
conceptual outcomes. 
Students will be able to: 
- explain how energy can be stored in water in a dam; 
- outline and represent the transfer and transformation of 
energy using models or conceptual flow diagrams; 
- describe the conversion of energy into other forms and 
the effects of that conversion; 
- use the concepts of power and efficiency to explain 
physical situations of energy transfer and transformation. 
Assessment taskls 
Word loop activity. 
Cut and paste conceptual flow diagram incorporating the elements 
of a hydroelectric power station. Label and annotate to 
demonstrate knowledge and understanding of the flow of energy; 
detailing the energy types, transfers and transformations involved. 
Literacy focuses 
I 
I 
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Lesson 1: Powerful water 
AT A GLANCE 
- To capture students' interest and fmd out what they think they know about hydroelectric 
power generation; 
- To elicit students' questions about how hydroelectric power is generated. 
Students will : 
• observe the powerful effects of water on the Earth and reflect on the energy it contains; 
• recall and discuss instances, with an emphasis on personal experience, where they have 
seen the damaging effects of water or the energy in water being harnessed; 
• draw a diagram of the water cycle; 
• demonstrate what they think they know about hydroelectric power generation by 
constructing a labelled schematic diagram. 
Assessment focus - Diagnostic 
In this lesson you will find out what students already know about the water cycle and hydroelectric 
power generation. This will allow you to take account of students' existing ideas when planning 
learning experiences. 
Key lesson outcomes for Science 
Students will be able to 
• discuss and record their observations about the powerful effects of water; 
• discuss how the energy in water can be harnessed; 
• draw a diagram of the water cycle; 
• explain what they know about hydroelectric power generation by constructing a labelled 
schematic diagram. 
Equipment 
FOR THE CLASS 
• water station with pumps I waterwheels I water actuated toys to demonstrate various water 
based actions. Sand/soil to show erosion; 
• appropriate video footage and still photos of tsunamis, floods, mudslides and erosion that 
illustrate the power exerted by water. 
FOR EACH STUDENT 
• each students' science journal; 
• 1 A3 copy of 'Elements of a hydroelectric power station'; 
• 1 A3 copy of 'Hydroelectric power station schematic diagram' background. 
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Preparation 
• Set up water station; 
• Organise TV/DVD player; 
• Optional; set up display area 
on wall of classroom to record 
key words, student's questions 
and pictures that relate to the 
unit as it progresses. 
Headings could be provided to 
help keep sections organised 
(including one titled 'Eureka! ' 
to record significant moments 
in student learning). 
Lesson steps 
Big Brook Dam Pemberton 
1. Introduce the water station and associated equipment and materials. 
2. Explain that students will be observing the actions and impacts of water through the water 
station demonstrations and by viewing photographs and a video of events that have been 
influenced by water. 
3. Demonstrate the various interactions between water and the equipment and materials. Call on 
students to assist in conducting the demonstrations where possible. 
4. If students aren't familiar with the use of a science journal, discuss the purpose and features 
with them. Let them know that the journal is for them to date and record their observations, 
experiences and reflective thoughts and can include photographs, drawings, tables and graphs. 
5. Direct students participation in a ' think, pair, share' strategy. The aim of this part of the lesson 
is to have them relate personally to the power that can be exerted by water. Initially, ask 
students to record their own thoughts in their science journals. Consider prompting them by 
asking, for example, "Have you ever waded across a creek/ got caught in a rip/ been in waves 
at the beach/ been caught in flooding/ stood under a waterfall? What did you feel?" 
6. After a few minutes, encourage students 
to share their experience with their 
partner. Then open it up into a full class 
discussion - relate their experiences to 
the transfer of energy from water to the 
movement they felt. 
Organise students to view video and 
photographs. Having viewed video and 
photographs, facilitate a whole class 
discussion about the damaging effects of 
water. Steer discussion around to ideas 
of how the energy in water might be 
accessed to benefit people. Allow 
suggestions to come up that may include 
wave, tidal and hydro power. Lefroy Brook Weir 
It is important in the Engage phase to allow for students to respond and contribute without 
correcting or providing them with formal definitions. This is an opportunity to gain an insight into 
students thinking and prior knowledge and to diagnose alternative conceptions and plan 
accordingly. 
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7 Ask students to draw a 
diagram of the water cycle 
in their science journals. In 
groups ask them to discuss 
where the energy comes 
from that drives the cycle. 
Direct the students to record 
the ideas of their group in 
their science journals. The 
water cycle will be 
reviewed in lesson 2. 
8 Advise students that, over 
the corning lessons, they 
will be learning about hydroelectric power generation. Let them know that it is important to 
find out what they think they already know about it. Inform them that they will be given a 
worksheet with pictures of parts of a hydroelectric power station. They are to cut them out and 
glue them into an appropriate sequence on the A3 background sheet 'Hydroelectric power 
station schematic diagram'. Ask them to add labels, arrows and explanatory notes to the 
schematic diagram to help explain what they know. The completed A3 page will be glued into 
their journals. 
9 Organise students so that they can 
work individually. Distribute the 
A3 copies ofthe 'Elements of a 
hydroelectric power station' and 
the 'Hydroelectric power station 
schematic diagram' background. 
Read through the accompanying 
instructions with the students and 
direct them to begin. The elements 
given to students are the dam, 
penstock, turbine, generator, 
transformer and transmission lines. 
These terms will be covered in detail during the Explain phase in lesson 5. 
At this stage it would be necessary to consider how much guidance and prompting would be 
appropriate for the students. They may want to express their knowledge and understanding in 
relation to a simple component circuit or water flow route or to something more complicated that 
refers to energy types, flows, transfers and transformations. Consider noting assistance that is 
given. 
10 On completion of the activity, collect up the science journals for review. 
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Lesson 2: Turbines to turn - Getting a Reaction 
ATAGLANCE 
- To provide hands on, shared experiences of the operation of a model turbine. 
- To support students to investigate and explore ideas about the size and direction of forces 
involving water and the way they affect the motion and power of the turbine. 
Students will: 
o work in cooperative learning teams to build a simple reaction turbine (Kaplan style) and 
operate it with water; 
• draw a force arrow diagram of the model turbine in motion. 
Assessment focus - Formative 
Lesson 3: Turbines to turn -Acting on Impulse 
ATAGLANCE 
- To provide hands on, shared experiences of the operation of a model turbine. 
- To support students to investigate and explore ideas about the size and direction of forces 
involving water and the way they affect the motion and power of the turbine. 
Students will: 
• work in cooperative learning teams to construct a simple impulse turbine (Pelton style), 
operate it with water and investigate the effect water flow rate has on the rotation of the 
shaft; 
• draw a force arrow diagram of the model turbine in motion. 
Assessment focus - Formative 
Lesson 4: Far out Faraday! 
ATAGLANCE 
- To provide hands on, shared experiences of inductance and the operation of an electric 
generator. 
- To support students to investigate and explore ideas about electromagnetic inductance and its 
relationship to the construction and operation of an electric generator. 
Students will: 
o observe and record information about the working of different toys and tools that use 
motion to generate electrical power; 
• read and discuss a description of the 1831 experiment performed by Michael Faraday that 
led to his discovery of electromagnetic inductance; 
• work in small groups to construct and operate a simple electrical generator or observe a 
demonstration of a generator being operated to produce electrical energy. 
Assessment focus - Formative 
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Lesson 5: Turbine and Generator -A Powerful Pair 
AT A GLANCE 
- To support students to develop explanations for experiences and support students to represent 
and describe their developing conceptual understanding of hydroelectric power generation. 
Students will: 
• discuss findings of the activities from lessons 2, 3 and 4; 
• be introduced to relevant scientific terminology - energy transfers and transformations, 
flow rates, lines of magnetic force, inductance, electromagnetism, potential energy, 
rotational kinetic energy and the components of turbines and generators; 
• cut and paste labels for a diagram of a commercial hydroelectric turbine based on a 
description of its operation. 
Assessment focus - Formative 
In this lesson you are looking for evidence that students are developing an understanding of the 
way hydropower turbines and generators operate and combine to produce electricity. 
You should also look for evidence of students' use of appropriate ways to represent what they 
know and understand about a hydroelectric turbine and give them feedback on how they can 
improve their representations. 
Lesson 6: Go with the flow - Part 1 
AT A GLANCE 
- To support students' to plan and conduct an investigation into flow rates of water from a 
dam. 
Students will: 
• work in cooperative learning teams; 
• identify the variables that could affect the flow rate of water from a dam; 
• formulate a question for investigation; 
• construct a simple model of a reservoir and pipeline; 
• use the model to conduct an investigation and collect data. 
Assessment focus 
In lessons 6 and 7 you are looking for evidence about the extent to which students have achieved 
the Level4 investigating outcomes: 
Students will be able to 
- develop their own question and make predictions about factors that could affect the flow rate 
of water from a dam; 
- plan and conduct an investigation taking into account the main variables; 
- collect data using repeat trials; 
- calculate averages and plot data as a line graph where appropriate; 
- identify and explain patterns in data; 
- identify difficulties experienced during the investigation and make general suggestions for 
improvement. 
Students expecting to demonstrate level 3 investigating outcomes can be given the question for 
investigation and a structured results table to help them develop level 4 skills. Within the lesson as 
set out, level 5 processing data and evaluating outcomes can be demonstrated. Depending on 
available equipment and resources, there is scope for teachers to assess level 5 planning and 
conducting outcomes. 
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Lesson 7: Go with the flow - Part 2 
AT A GLANCE 
- To support students' to process and evaluate an investigation into flow rates of water from a 
dam. 
Students will: 
• process the results of the investigation conducted in lesson 6; 
• explain their results and evaluate the investigation ; 
• share results and discuss the evaluations they have made. 
Assessment focus - Summative 
See Lesson 6 for details about assessment for this lesson. 
In particular the Level 4 investigating outcomes applicable to this lesson are: 
Students will be able to 
- calculate averages and plot data as a line graph where appropriate; 
- identify and explain patterns in data ; 
- identify difficulties experienced during the investigation and make general suggestions for 
improvement. 
Lesson 8: Falling and Rising- The energy and power of water 
AT A GLANCE 
- To provide opportunities for students to review and reflect on their learning and to represent 
what they know about hydroelectric power generation and the associated energy transfers and 
transformations. 
Students will: 
• Create a conceptual flow diagram incorporating the elements of a hydroelectric power 
station; 
• Label and annotate the diagram to demonstrate their knowledge and understanding of the 
flow of energy. This will detail the energy types, transfers and transfonnations involved. 
Assessment focus -Summative 
In this lesson you will be looking for evidence that students have achieved the Level 4 conceptual 
outcomes: 
Students will be able to: 
• explain how forces can affect movement; 
• understand how potential energy can be transformed into kinetic energy; 
• relate the transformation of energy to intended uses ofthe energy. 
You will also be able to monitor progress towards the Level5 conceptual outcomes: 
Students will be able to: 
- explain how energy can be stored in water in a dam; 
- represent the transfer and transformation of energy using models or conceptual flow 
diagrams; 
- explain the .conversion of energy into other forms and the effects of that conversion; 
- use the concepts of power and efficiency to explain physical situations of energy transfer and 
· transfonnation. 
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Elements of a hydroelectric power station 
Cut out each of the six parts and glue them to the background page. You need to add the water; 
indicate the water in your diagram by colouring it in. 
~ 
Hydroelectric power station schematic diagram 
Glue the six hydroelectric power station parts onto the background. The river bed and backdrop of hills are sketched for you-
don't forget to add the water and indicate where it is by colouring it in. Wherever possible, label the diagram and provide 
additional descriptive notes to explain your understanding of the function of the parts and the station. 


Mathematics Curriculum Materials 
Mathematics Unit Plan 
Outcomes: Measurement, Number and Space I Title: The Power of Water 
Key concepts/conceptual understandings 
To introduce students to some of the mathematics associated with hydroelectric power 
generation. 
Overview of key concepts 
Water is one of the major renewable energy resources in use around the world today. 
Hydroelectric power generation provides for a range of electricity requirements, from the 
small scale needs of individual households through to large scale systems that supply the 
electrical energy for entire countries. 
This series of lessons allow students to develop a deeper understanding of the 
measurement attributes of area, volume and capacity. Through hands on activities, 
students investigate volumes of rectangular prisms and equate standard units of capacity 
with those of volume. Students process data to construct and interpret graphs, estimate 
large volumes and interpret scale drawings to determine areas of catchments and 
reservoirs. They use rainfall data to calculate volumes of water received by a catchment 
and compare this to stream flow rates in the catchment. 
Applying mathematics to solve or understand "real world" problems and situations 
provides a sense of purpose which, for many students, is a strong motivating factor in 
their learning. Concrete experiences allow students to get a 'feel' for the standard units of 
cubic metres and Litres as well as the quantities associated with large numbers. By also 
learning about metric prefixes, students are able to relate to the magnitude of the large 
volumes of water involved in hydropower generation. 
The unit culminates in a summative assessment opportunity in which students are 
provided with a scenario involving elements of a hydropower station. By analysing the 
situation and applying their mathematical skills and understanding students are able to 
demonstrate their achievement of level4 outcomes. 
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Mathematics Unit Outcomes- Level 3, 4 and 5 (WA Outcomes and Standards Framework) 
Level3 Level4 LevelS 
Measuremfnt Measurement Measurement 
The student realises that using a The student understands the unit The student is confident in 
uniform unit repeatedly to match as a quantity and expresses the use of metric units and in 
an object gives a measure of the measures of length and capacity the prefixes of these units 
size of the object and chooses using common metric prefixes and can convert from one 
suitable and uniform things to use and appropriate notation. unit to another when required 
as units and a common unit to The student selects appropriate or practical. 
compare two things. attributes, distinguishes area from The student understands and 
The student understands the volume and chooses units of a applies directly length, area 
significance of measuring sensible size for the descriptions and volume relationships for 
accurately and why gaps and and comparisons to be made. shapes based on rectangles 
overlaps should be avoided and The student measures area by and rectangular prisms. 
also tries to take into account part counting uniform units, including The student understands and 
units. part units where required, volume uses scale factors. 
The student makes sensible by counting cubes and capacity Students make sensible 
numerical estimates using units by reading whole-number scales. estimates from their memory 
that can be seen or handled. The student understands the area of common standard units 
of regions based on squares and and by comparison with the 
Chance and Data the volume of prisms based on known size of things and 
Students understand that the cubes, and uses these for practical develop strategies to estimate 
lengths in bar graphs can be used purposes. measurements. 
to represent measurements made at The student uses the known size 
equal intervals over a period of of familiar things to help make Chance and Data 
time. and improve estimates. Students sort data using a 
Students interpret tables and bar calculator or computer to 
graphs produced by themselves Chance and Data compare groups and use 
and others and draw sensible Students display data in bar appropriate graphs to 
conclusions. graphs where the axis is labelled represent such data 
Students explain what their with discrete categories. (generating some graphs with 
displays show. Students produce a graph using the assistance of a graphic 
the vertical scale to help them calculator or computer). 
Space plot data points, given a Students use fractions and 
The student understands a map or horizontal axis showing the percentages to describe and 
plan as a 'bird's eye view', (and progression of time. compare their results. 
able to place and locate key Students read the information Students use a range of 
features in a plan but may not provided on axes of bar and line graphs such as line plots for 
attend to scale or the overall frame graphs. bivariate data, bar graphs and 
of reference in it). Students interpret and report on compound column graphs. 
Students understand the features of information provided in line Students interpret a variety of 
3D shapes in solid, hollow and graphs, describing trends in data graphs where the scales on 
skeletal forms. informally. the axes must be read 
Students imagine or draw different between calibrations. 
cross-sections of simple 3D shapes. Space Students are able to extract 
Students understand the difference Students understand and use grids information from tables and 
between a prism and a pyramid. and whole number scales, such as graphs showing the 
one centimetre for each metre, to relationship between two 
interpret and make maps. quantities. 
Students understand some of the Students can present reports 
more common conventions for on the information displayed 
drawing 3D shapes. in a range of tables and 
graphs. 
Note: Although some Number and Space outcomes can also be addressed through these lessons, 
the level 4 and 5 Measurement outcomes and the level4 Chance and Data outcomes are intended to 
be the main focus .. 
Details of outco,m~s outside the focus of these lessons, which still have relevance, are also included 
to provide a broad overview and to assist with 'where students are at'. 
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ENGAGE • To capture students' interest and find out what they think they know 
(1-21essons) about volume and capacity. 
• To elicit students' questions about volume and capacity . 
Lesson number 1 Lesson title: 
Cubic combinations 
ATAGLANCE 
Students will: 
• record their definitions of what they think they know about volume and capacity; 
• estimate the capacity of the classroom; 
• consolidate their understanding of volumes of rectangular prisms . 
Assessment - In this lesson you will find out what students already know about 
Diagnostic volume and capacity. This will allow you to take account of 
students' existing ideas when planning learning experiences. 
Assessment task/s 
Build rectangular prisms with small (1 cm3) blocks and record their 
results. Make calculations and establish a formula for the volume 
of rectangular prisms. 
Literacy focuses 
Maths journal 
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• To provide hands on, shared experiences of measuring large 
EXPLORE 
capacities. 
• To support students to investigate and explore ideas that link units of 
(2-3lessons) capacity with those of volume. 
.. To support students to determine the areas of irregular shapes based 
on diagrams in which scale has to be taken into consideration. 
Lesson numbers 2, 3 and 4 Lesson titles: 
Swimming pool classroom 
Volume units and capacity units 
Areas of water 
AT A GLANCE 
Students will: 
• re-familiarise themselves with an area of 1 m
2
; 
• participate in a hands on experience that allows them to relate to the actual size of 
a cubic metre; 
• determine how many cubic centimetres are in a cubic metre; 
• estimate and directly measure the volume of the inside of the classroom; 
• review their definitions of volume and capacity and refine them through whole 
class discussions; 
• conduct an investigation to link cm3, m3, mL and Litres; 
• calculate the capacity of the classroom in Litres; 
• determine the actual areas of reservoirs from scale diagrams . 
Assessment -
Formative 
J\ssessmenttaskJs 
Build a 1 m cube. 
Estimate and measure room capacity. 
Use calibrated and non calibrated containers of various shapes 
and sizes, along with rulers and cubes to investigate units of 
capacity. 
Worksheet of scale diagrams of reservoirs. 
Literacy focuses 
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• To support students to develop explanations for experiences and make 
EXPLAIN representations of developing conceptual understanding about volume 
(llesson) and capacity. To assist them to link the formula for volume of 
rectangular prisms with a formula for the volume of prisms with 
irregular cross sectional areas. 
Lesson number 5 Lesson title: 
Comparisons and Calculations 
ATAGLANCE 
Students will: 
• reflect on previous activities; 
• establish a formula for the volume of prisms with irregular cross sectional areas; 
• review and consolidate understanding of relevant units and prefixes; 
• calculate, given average depths, the capacities of reservoirs; 
• compare the classroom's capacity to those ofthe reservoirs ofLefroy Brook Weir, 
Big Brook Dam and other dams; 
• be introduced to the concept of flow rate . 
Assessment - In this lesson you are looking for evidence that students are 
Formative developing an understanding of capacity and its measurement; 
through their use of appropriate units, estimation, direct 
measurement and calculations based on linear measurements. 
You should also look for evidence of students' use of appropriate 
ways to represent what they know and understand about volume and 
capacity and give them feedback on how they can improve their 
representations. 
Assessment task/s 
Capacities of reservoirs worksheet. 
Reservoir comparison data sheet. 
Literacy focuses 
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ELABORATE 
• To challenge and extend students' understanding of volume and 
Graphing capacity by supporting their investigation of flow rates through 
(1-2 lessons) graphing and interpreting data. 
Lesson numbers 6 and 7 Lesson title 
Graphing and Interpreting - Parts 1 and 2 
AT A GLANCE 
Students will: 
• review the key features of bar graphs and line graphs; 
• construct bar graphs of annual catchment rainfall and the Lefroy Brook flow 
rates; 
• compare the graphs and interpret the results; 
• construct a line graph of pipe flow rates v pipe diameter (and/or cross sectional 
area); 
• interpret the results . 
Assessment - In lessons 6 and 7 you are looking for evidence about the extent to 
Summative which students have achieved the Level 4 Chance and Data 
outcomes: 
Students will be able to: 
- display data in bar graphs where the axis is labelled with 
discrete categories; 
- produce a graph using the vertical scale to help them plot 
data points, given a horizontal axis showing the 
progression of time. 
Students will be able to 
- read the information provided on axes of bar and line 
graphs; 
- interpret and report on information provided in line 
graphs, describing trends in data informally. 
You will also be able to monitor progress towards Level 5 Chance 
and Data outcomes. 
Assessment task/s 
Data sets and graph paper. 
Literacy focuses 
Line and bar graphs I 
I 
34 
• To provide opportunities for students to review and reflect on their 
EVALUATE learning about capacity and flow rates and demonstrate their 
(llesson) understanding of the mathematics behind these concepts by applying 
problem solving skills to a hydroelectric power station scenario. 
Lesson number 8 Lesson title 
Connecting it all together 
ATAGLANCE 
Students will: 
Ill describe volume, capacity and flow rate; 
Ill determine the area of a catchment, given a scale diagram; 
Ill determine the volume of water falling in the catchment, given average rainfall 
data; 
Ill calculate the average annual flow rate of a stream (m3 /s ), based on a percentage of 
the rainfall received by the catchment making its way to the stream; 
Ill use calculated stream flow rates to determine how long it would take to fill a 
reservoir, based either on a rectangular prism with stated dimensions or irregular 
prism with given surface area and average depth; 
Ill graph and interpret data. Possibilities include: flow rate verses kinetic energy; 
head verses potential energy; kinetic energy through turbine verses electrical 
energy generated (to investigate efficiency of hydroelectric power system). 
Assessment- In this lesson you will be looking for evidence that students have 
Summative achieved Level4 outcomes. 
You will also be able to monitor progress towards Level 5 
outcomes. 
This lesson also provides an opportunity to look for evidence of 
students' achievement oflevel4 or 5 outcomes of working 
mathematically. 
Assessment task/s 
Worksheets to include: scale diagram of reservoir, average rainfall 
data, stream flow as percent of rainfall, reservoir dimensions, data 
sets and graph paper. 
Literacy focuses 
J 
I 
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Lesson 1 - Cubic combinations 
ATAGLANCE 
- To capture students' interest and find out what they think they know about volume and 
capacity. 
- To elicit students' questions about volume and capacity. 
Students 
• record their definitions of what they think they know about volume and capacity; 
• estimate the capacity of the classroom; 
• consolidate their understanding of volumes of rectangular prisms. 
Assessment focus - Diagnostic 
In this lesson you will find out what students already know about volume and capacity. This will 
allow you to take account of students' existing ideas when planning learning experiences. 
Key lesson outcomes for Mathematics 
Students will be able to 
• record their definitions of what they think they know about volume and capacity and share 
their ideas through discussion; 
• build rectangular prisms of specified volume using small (1 cm3) blocks; 
• measure dimensions and record their results in a table; 
• perfmm calculations and interpret data; 
• establish the formula for the volume of a rectangular prism; 
• estimate the volume inside the classroom. 
Equipment 
FOR THE CLASS 
• an enlarged copy of 'Cubic combinations'. 
FOR EACH STUDENT 
• each students' mathematics journal; 
• 1 copy of 'Cubic combinations' for each student; 
• approximately 40 small (1 cm3) blocks. 
Preparation 
• Organise copies of work sheet and enough small cubes for the class. 
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Lesson steps 
1. Explain to students that in this series of 
lessons they will be learning new 
mathematical skills and concepts and 
how to apply them to the ' real world' 
situation of hydroelectric power 
generation. They will be fmding out 
about the mathematics behind reservoir 
capacities and the flow rates of pipelines 
and streams. They will be plotting and 
interpreting graphs and performing 
calculations involving energy, power and 
efficiency. In this first lesson they will 
be learning about volume and capacity. 
2. If students aren't familiar with the use of a mathematics journal, discuss the purpose and 
features with them. Let them know that the journal is for them to date and record their 
observations, experiences and reflective thoughts and can include photographs, drawings, 
tables and graphs. 
3. Direct students participation in a 'think, pair, share' strategy. The aim of this part of the lesson 
is to establish a class description of volume and capacity. Initially, ask students to record their 
own thoughts about volume and capacity in their mathematics journals. Consider prompting 
them by giving sentence starters; for example, 'I think volume is ... ', 'I think capacity is ... ', 
'Volume can be measured by ... ', 'Capacity can be measured by .. .. ' and 'Volume and capacity 
are different/similar because .... ' 
After a few minutes, encourage students to share their descriptions with their partner. Open up 
the discussion to the whole class. If possible establish with them a class description of volume 
and capacity. 
It is important in the Engage phase to allow for students to respond and contribute without 
correcting or providing them with formal definitions. This is an opportunity to gain an insight into 
students thinking and prior knowledge and to diagnose alternative conceptions and plan 
accordingly. 
4. Use the enlarged copy of 'Cubic combinations' 
to introduce the activity to the students. Read 
through the instructions and, with student 
assistance, construct one of the rectangular 
prisms and complete the appropriate part of the 
table as an example. 
5. Distribute a copy of 'Cubic combinations' to 
each student along with about 50 small cubes. 
Instruct them to glue the worksheet into their 
journals and begin the activity. Monitor 
student work; try to discourage students 
making only Ncm x lcm x lcm prisms for N 
cubes. Encourage students to make at least one 
prism for every example and challenge them to 
make as many different combinations as they 
can think of. Some may see the pattern 
between prism dimensions and 'factors' to help 
work out all possibilities. Students can add 
another couple of examples to the bottom of the table as a challenge to themselves or others. 
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6. After students have completed the table, use the enlarged copy of the worksheet to record 
examples drawn from the students to complete the L, Wand H columns . By mentally 
multiplying the three numbers to. see if the answer equates to the number of cubes, it is 
relatively easy at this point to spot errors. Students giving incorrect dimensions can be asked to 
check their work. 
7. Explain to the students that to continue with the activity it is important that they understand 
how much 3D space one of the small cubes takes up. Remind them of the class description of 
volume established earlier in the lesson. Through class discussion about length and area, draw 
on their understanding of 1D (length) units and 2D (area) units to consider units measuring 3D 
(volume). Use the 1 cube prism example and dimensions to lead them to understand that the 
volume of one small cube is one cubic centimetre. 
8. Instruct students to put the heading L x W x H on the top of the fmal column and complete the 
calculations for the rest of the examples. Recording the units of cm3 in this column isn ' t 
necessary at this stage. 
9. Ask students to compare the first and last columns of the table and having agreed they are 
numerically the same, discuss the units generated through this calculation. Use the single cube 
to establish that 1cm x 1cm x 1cm describes a volume unit of 1cm3 (where the 3 represents 
three dimensions) and state it as a cubic centimetre (which can be abbreviated to cc). Ask 
students to add cm3 units to the last column if they have not already done so. Having 
completed the comparison, facilitate a whole class discussion about the implications this may 
have for determining the volume of rectangular prisms in general. Instruct students to consider 
the rule and write a journal entry beginning 'The volume of a rectangular prism can be 
calculated by .... . ' 
10. Ask students to build additional prisms to ensure their rule always holds- this is equivalent to 
generating a scientific hypothesis, using it to predict an outcome, and verifying it by 
experimentation. Through discussion and diagrams, explore rectangular prisms with 
dimensions that require calculations based on part units. To encourage students to see the 
value of being able to use the volume formula, have them apply the rule to some large number 
situations where using cubes or other concrete materials to determine volume would be 
impractical. 
11. Instruct students to estimate the capacity of the classroom in cubic metres and the volume of 
their own body in cm3. They will have an opportunity to review and reflect on their estimates 
in the next lesson using the 1 m3 skeletal form for comparison. Emphasise that it is okay at this 
stage if students aren't overly confident with their estimates. Ask students to write a reflective 
entry in their journals recording what they have learnt in the lesson as well as their estimates if 
they have made them. 
12. Collect up mathematics journals. 
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NAMe ______________ _ 
CUBIC COMBINATIONS 
Use the number of 1 em cubes listed to make rectangular prisms containing that number of cubes. 
Complete the details for the Length, Width and Height of the built prisms in the table below. 
Remember to specify the units of measurement. 
Number of Length Width Height 
cubes (L) (W) (H) 
1 
8 
9 
12 
15 
16 
27 
32 
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Lesson 2: Swimming pool classroom 
ATAGLANCE 
- To provide hands on, shared experiences of measuring large capacities. 
Students will: 
• re-familiarise themselves with an area of 1 m2; 
• participate in a hands on experience that allows them to relate to the actual size of a cubic 
metre; 
• determine how many cubic centimetres are in a cubic metre; 
• estimate and directly measure the volume of the inside of the classroom. 
Assessment focus - Formative 
Lesson 3: Volume units and capacity units 
AT A GLANCE 
- To support students to investigate and explore ideas that link units of capacity with those of 
volume. 
Students will: 
• review their definitions of volume and capacity and refine them through whole class 
discussions; 
• conduct an investigation to link cm3, m3, mLs and Litres; 
• calculate the capacity of the classroom in Litres; 
Assessment focus - Formative 
Lesson 4: Areas of water 
ATAGLANCE 
- To support students to determine the areas of irregular shapes based on diagrams in which 
scale has to be taken into consideration. 
Students will: 
• determine the actual areas of reservoirs from scale diagrams. 
Assessment focus - Formative 
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